Abstract
Introduction
Hip fracture patients are one of the biggest patient groups in departments of orthopaedic surgery. They typically utilise 25% of orthopaedic surgery hospital days [1] . Fall accidents are the main reason for fractures of the hip, and the most important predisposing factors are age and osteoporosis. With the ''greying of nations'', health services planners predict constant increase in hip fractures and plan for a corresponding additional capacity of hospital care. Stockholm County in Sweden projected a 6% increase in the population over 65 years of age between 2003 and 2010 [2] .
The risk for hip fractures grows exponentially after the age of 50 [3] . As a response to the increasing number of elderly and old people in Stockholm County, the 2003 public health report estimated the number of hip fractures to increase by 13% in the period 2001-10 [2] .
In addition to age, there are a number of other characteristics of hip fracture patients and their care that affects the utilisation of hospital services. Hip fractures patients are at increased risk of dying within the next few months. In 2000, 14.5% of all Swedish hip fracture patients died within 4 months of the injury [1, 2] . A higher prevalence of osteoporosis in women than in men results in a higher risk for fractures in that sex group. About two-thirds of hip fractures occur in women. As women have a longer life expectancy than men, this sex-related risk further inflates predictions of future demand for care. It has been observed, though, that men show a higher mortality rate than women [3] .
In a study of the costs of hip fracture treatment in Stockholm County [4] , Stromberg et al. found that, in 1992, the average length of hospital stay for patients in that treatment category was 36 days. That finding triggered initiatives to streamline the care. In 2003 the Swedish National Board of Health and Welfare (NBHW) issued a recommendation aimed at reducing the length of hospital stays for these patients [5] . The following measures were suggested: (i) prompt surgical intervention, preferably within 24 hours; (ii) immediate postoperative mobilisation; and (iii) active rehabilitation to be continued after discharge. It was also proposed that actions focused on prevention and treatment of osteoporosis should be initiated to diminish the risk of hip fractures. Implementation of these guidelines largely coincided in time with a reduction of the average length of stay for hip fracture patients in acute care hospitals [6, 7] . However, none of the studies found in the literature revealed changes in the total length of stay, including acute care and inhospital rehabilitation.
In Sweden, primary arthroplasty is increasingly chosen as the treatment of hip fracture patients with displaced femoral neck fractures, replacing osteosynthesis [7, 8] . A change in treatment regimen may potentially affect clinical outcomes and the risk for complications, which has consequences, i.e., for the length of stay and need for rehabilitation.
Although there is a discussion in the literature about trends in the incidence of hip fractures [1, 9] , we have not found any recent analysis of the future needs for hospital care for those patients. Stockholm County has an integrated health service covering the whole of its population. Starting more than two decades ago, it collects data on all health service utilisation of its inhabitants in a central patient care register (PCR). Consequently, it is possible to perform population-based diagnosis-specific time series analyses of health service utilisation in the county.
Aims
The overall aim of the study is to show how utilisation of hospital care among hip fracture patients has changed in Stockholm County during 1998-2007. In addition, changes of a number of demographic and clinical characteristics, as well as surgical treatment, affecting utilisation of hospital care will be demonstrated. The time-series data will be used to scrutinise the generally expressed belief that, due to changes in the age structure of the population, hip fractures will be an increasing burden on the hospital sector.
Study setting
Stockholm County has about 1.9 million inhabitants, representing one-fifth of Sweden's population. From 1998 to 2007, the population of Stockholm County increased by 10.5% according to the Swedish Central Bureau of Statistics. In 1995, 15.1% of the inhabitants were 65 years of age or older and 1.8% had passed the age of 85. In 2005, the corresponding fractions were 14.1% and 2.2% respectively. The county is responsible for providing primary and secondary health care to all inhabitants in the county. The majority of services are provided by countyowned facilities. During the study period, parts of primary care and approximately 8% of acute hospital care were outsourced to private providers. Those providers were working on contracts with the county and were obliged to file the same reports to the county authorities as the public providers. There is no private acute hospital care in Sweden solely funded by patients out-of-pocket. Consequently, the study identifies all hospital care due to hip fracture except for long-term care and residential care, as those forms of care are provided by municipalities.
Patients and methods

Data sources
The Stockholm PCR compiles and stores data on care utilisation. Hospital care has 100% coverage. More specifically, for each hospital stay the PCR database contains a record of the provider unit, a patient identifier, the type of stay, diagnoses, and interventions. Diagnoses are coded according to the International Classification of Diseases, 10th edition (ICD-10) and procedures according to the Nordic Classification of Surgical Procedures (NCSP). The database has been used since the beginning of the 1980s, and its content, registration routines, and supporting software have been developed during the years. It has previously been used as a source of information in a number of studies, e.g. in studies of hip fractures [10, 11] and in an evaluation of the implementation of a prospective payment system in Stockholm County [4] . As an indication of its perceived accuracy the database is used by the Stockholm County for mandatory reporting to the NBHW National Patient Register as well as the annual benchmarking reports compiled by the NBHW and the Swedish Association of Local Authorities and Regions.
We identified in the Stockholm PCR all patients from 1998 to 2007 who had a hospital stay due to a hip fracture (as defined by the ICD-10 codes S72.0, S72.1, S72.2) and had undergone hip surgery (NCSP codes NFB09-99 and NFJ39-99). The following information on the patients was collected for subsequent analysis: age, sex, main and secondary diagnoses, surgical procedure, hospital, the dates of admission and discharge, and locations from which the patient was admitted and discharged to. We also registered if the patient had died during the hospital stay or within 4 months or 1 year after discharge from hospital. Hospital stays that occurred immediately after the acute-care phase (e.g., for rehabilitation or geriatric care) were also identified and included in the episode of care. All data from the Stockholm PCR database were obtained in anonymous form and no identifiable patient information was handled by us.
We compared the data obtained from the Stockholm PCR with the Swedish National Hip Fracture Register (Rikshö ft-SAHFE). The latter is a non-mandatory register, which includes voluntarily reported information on hip fracture patients from approximately 50 out of the 60 orthopaedic surgery departments in Sweden that were active during the study period [1, 7] . We found no major discrepancies in age and sex distribution, surgical methods, or length of stay in acute care in Stockholm between these data sources. Annual population figures for Stockholm County, grouped by age and sex, during the study period, were obtained from published county statistics.
Data analysis and presentation
Number of patients (hospital stays), surgical procedures, deaths, and length of hospital stay were tabulated, categorised according to age and sex and presented as absolute and relative numbers year by year. Age-and sex-standardised annual incidence figures were calculated using the direct method.
Results
A total of 28,528 patients were acutely hospitalised due to hip fracture in Stockholm County in the period 1998-2007 (Table I) . As expected, the number of inhabitants 65 years or older in Stockholm County increased over the years of the study period in both sex groups (Figure 1) .
The absolute annual number of hip fracture patients was, by and large, constant over the period, clearly so in the age group 0-64 years. A diminishing tendency among women was observed. The average age of all patients for the whole study period was 80.4 years. The annual average age figure rose slightly over time. More striking was a small reduction of hip fractures among women 65-74 years of age and a more prominent reduction among women 75-84 years of age. In the age group 85 years and older, the number of patients oscillated but showed no tendency to increase. The number of hip fractures among males showed a slight growth in the age group 85 years and older.
The lack of increase in hip fracture numbers despite the demographic changes is well demonstrated by the age-and sex-standardised annual hip fracture incidence, as calculated from the register data. During the study period, the incidence decreased by 16% (Figure 2 ).
Main and secondary diagnoses
Of all hip fracture patients identified, 20% had no recorded secondary diagnoses, 22% had one, 22% had two, and 16% three additional diagnoses. The remaining 20% had up to nine diagnoses in addition to the primary hip fracture diagnosis. Over time, the proportion of patients with more than four secondary diagnoses increased. 
Hip replacement versus osteosynthesis
The annual numbers of the two alternative surgical treatment methods showed an increase in hip replacements and a decrease in osteosynthesis.
Length of stay hospital
The average length of stay in acute care departments was reduced by 1.4 days during the 10-year study period. However, the picture changed when including in-hospital rehabilitation or geriatric care immediately following the acute hospital stay, then the average length of stay for the whole in-hospital episode increased by 1.3 days (Figure 3 ).
Mortality
Age-and sex-standardised mortality in the study population over the years is shown in Figure 4 . The overall mortality during the acute care stay was 2.7% (2.1% in women and 4.2% in men). Of all patients, 12.2% died after discharge within 4 months (10.7% in women and 16.0% in men) and 9.0% after 4 to 12 months (8.6% in women and 10.1% in men).
In the group 85 years of age or over, 33.4% died in hospital or during the 1-year follow-up, 4.2% died during the hospital stay (3.2% in the women and 8.0% in the men), 17.3% died within 4 months (15.3% in women and 25.0% in men), and 11.8% died after 4À12 months after discharge (10.9% in women and 15.4% in men). Over the entire 10-year study period, a decrease in mortality was observed.
Discussion
This register-based study from Stockholm County, Sweden, showed that, despite an increase in the absolute and relative numbers of the elderly population in the period 1998-2007, there was a decrease in the number of hip fractures in all other age and sex classes except men over 85 years of age. The decrease was especially remarkable in the group women 65 years and older. Over the same period of time the age-and sex-standardised incidence of hip fractures, calculated from register data also, declined by 16%. We observed that over one-third of the hip fracture patients were registered with three or more secondary diagnoses; a proportion that increased over time. A change in treatment regimen took place: the number of total hip replacements grew whereas osteosynthesis showed a decreasing trend. The average length of stay during the acute phase dropped with 1.4 days during the study period, whereas the whole hospital care episode, including rehabilitation and geriatric care, rose with 1.3 days. There was a marked decrease in in-hospital mortality with a tendency for a reduction in mortality at 4 and 12 months after discharge.
Hip fractures in men over 85 years of age deviated from the general trend. The incidence in this group varied between 2.1 and 2.6%. The growth in the absolute numbers of fractures was solely dependent on the increasing size of the age group.
In summary, the utilisation of acute hospital care due to hip fractures decreased in Stockholm County during 1998-2007. Even including in-hospital rehabilitation and geriatric care, the pressure on hospital resources by this patient group did not increase, even if the number of patients registered with several comorbidities grew during the study period.
The study covered the total population of hip fracture patients in a region, the inhabitants of which represent over 20% of the Swedish population. Consequently, the differences and development trends observed are real. The coverage of the region's PCR is as close to 100% that can be practically achieved, as all hospitals and care providers are funded by the county council and mandated to report to the register.
The reliability of PCR information has been scrutinised in several studies. Two recent studies demonstrated that PCR records of hip fracture as the main diagnosis were reliable [9, 11] . An underreporting of secondary diagnoses such as dementia or delirium, which require a higher intensity of care, seems still to be a problem [11] . As the PCR is the data source for diagnosis related payments to the providers there is a strong financial incentive to improve the reporting of especially secondary diagnoses, which probably is the main reason for the observed increase in comorbidities.
One ''technical characteristic'' of diagnosis handling in the PCR might introduce a small uncertainty into our figures. Patients who had had surgery for a hip fracture and later required an additional surgical procedure for an acute hip fracture in the other hip could not be distinguished from those who had surgery on one hip and a subsequent reoperation on the same hip.
In order to assess the generalisability of our PCRbased findings for Stockholm County for the whole of Sweden, we compared our numbers with those recorded in the national quality register. The latter patient group consists of 70% women and 30% men [7] , whereas the corresponding proportions in Stockholm County were 72% and 28%, respectively. The average age of hip fracture patients in the entire country was 81 years in the middle of the 1990s and 82 years in 2006 [7] . The Stockholm County figures were 79 and 80 years, respectively.
Stockholm County predicted in 2003 that the number of patients with hip fractures would increase by 13% between 2003 and 2010 [2] , which corresponded with national estimates made by the Swedish Civil Contingencies Agency [12] . Those predictions seemed to be rooted in conventional wisdom. Several researchers and public authorities had reported a rising hip fracture incidence [1, 2, 13] . Those figures are in stark contrast with the real development as shown by this study. The absolute number of hip fractures declined and the age-and sex-standardised incidence calculated from the register data dropped by 16% in the study period 1998-2007.
Studies can be found that confirm our findings [14] . Recent statistics published by the Epidemiologic Centre at the NBHW show the same decreasing incidence trend for the whole country as our figures from Stockholm County Council [15] . In England, Balasegaram et al. [16] observed that age-specific rates of hospital admission for fractures of the hip and femur appear to be stabilising, in contrast with previous trends.
Several reasons for this positive development seem plausible. The health of elderly people (especially in the age bracket 65-84 years) has improved in Sweden since 2002. In recent years, the Stockholm County Council has intensified its programme on the prevention of accidental falls and treatment of osteoporosis [13] , which might explain some of the positive trend. Several studies have shown the importance of fall prevention [17] [18] [19] [20] [21] [22] [23] [24] . Pharmacologic treatment of osteoporosis might also reduce the hip fracture risk [25] . It is possible that previously reported estimates [2, 26, 27] did not take into account fall prevention activities and prophylactic and/or treatment efforts aimed at preventing fractures.
The Stockholm register data showed that the proportion of patients with additional diagnoses increased. It is difficult to know whether this actually reflects the patients' conditions or if it is related to the payment system with its strong financial incentives to register comorbidities.
The increasing number of older patients during the study period might mean that the patients admitted, in general, were sicker than previously, which should have increased the risk of death and complications [10, 26, 28] . In reality, the register data did not show an increase in in-hospital mortality.
During the study period, hip replacement became more common. One possible explanations is that an increasing number of patients were mobile and in good mental health before the accidental hip fracture. Another reason for the increased use of replacement surgery is unsatisfactory results in terms of reoperations of unhealed fractures [8] .
The average length of stay in orthopaedic departments in Sweden has gradually dropped, with a few minor exceptions. In Stockholm the average length of stay has continued to decrease, being 7.16 days in 2007. According to information in the national quality register, the average length of emergency hospital stay for hip fractures in Sweden was 11 days in 2006 [7] . The total hospital care episode in Stockholm, including in-hospital rehabilitation and geriatric care, slightly increased. Cost or relative profitability differences might be one explanation to this tendency to transfer patients earlier to non-acute hospital wards.
A weakness of our study is that long-term or residential care is not included in the Stockholm County Patient Care Register. In Sweden those forms of care are the responsibility of municipalities (local authorities).
Conclusions
This register-based study from Stockholm shows that, despite a continued increase in the numbers and proportion of elderly in the population in the period 1998-2007, the number of hip fracture patients and their utilisation of hospital services remained constant and showed a marked decrease in women over 65 years of age. We demonstrate a 16% drop in the age-and sex-standardised incidence, a reduction in the acute care length of stay, and a minor increase in the total hospital stay. Comparisons with national statistics indicate that the results can be generalised to Sweden as a whole. Similar reports on a decreasing incidence have been published in Sweden and the UK.
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